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EVAPORATOR WITH COOL STORAGE
FUNCTION

BACKGROUND OF THE INVENTION

The present invention relates to an evaporator with a cool
storage Tunction for use 1n a car air conditioner for a vehicle
in which an engine serving as a drive source for a compres-
sor 1s temporarily stopped when the vehicle 1s stopped.

In the present specification and appended claims, the
upper, lower, left-hand, and right-hand sides of FIGS. 1, 3,
and 8 will be referred to as “upper,” “lower,” “lett, and

“right,” respectively.

In recent years, 1n order to protect the environment and
improve fuel consumption of automobiles, there has been
proposed an automobile designed to automatically stop the
engine when the automobile stops, for example, so as to wait
for a trafhic light to change.

However, an ordinary car air conditioner has a problem in
that, when an engine of an automobile in which the air
conditioner 1s mounted 1s stopped, a compressor driven by
the engine 1s stopped, and supply of refrigerant to an
evaporator stops, whereby the cooling capacity of the air
conditioner sharply drops.

As one measure to solve such a problem, imparting a cool
storage function to the evaporator has been considered, to
thereby enable cooling of a vehicle compartment by releas-
ing the cool stored 1n the evaporator, when the compressor
stops as a result of stoppage of the engine.

An evaporator with a cool storage function has been
proposed (see Japanese Patent Application Laid-Open
(kokai) No. 2011-12947). In the proposed evaporator, a

plurality of flat refrigerant flow tubes which extend in the
vertical direction and whose width direction coincides with
an air-passing direction are disposed in parallel such that
they are spaced from one another. The evaporator has
air-passing clearances each formed between refrigerant tlow
tubes located adjacent to each other. Cool storage material
containers filled with a cool storage material are disposed 1n
some air-passing clearances, and outer fins are disposed 1n
the remaining air-passing clearances. The outer fins are
disposed 1n the air-passing clearances adjacently located on
opposite sides of each air-passing clearance in which the
corresponding cool storage material container 1s disposed.
Each cool storage material container includes an inner fin
disposed therein. A plurality of convex portions which bulge
outward are formed on each of the left and right side walls
of the cool storage material container such that each side
wall 1s studded with the convex portions. The bulging top
walls of the convex portions are i contact with the corre-
sponding refrigerant flow tube. The convex portions of one
side wall of each cool storage material container are 1den-
tical 1n shape and size with the convex portions of the other
side wall of the cool storage material container, and are
provided at the same locations as those of the convex
portions of the other side wall as viewed from the left side
or the right side. The 1nner fin 1s joined to portions of the left
and right side walls of the cool storage material container
where the convex portions are not formed. As viewed from
the left side or the right side, the portions of the left and right
side walls of the cool storage material container where the
convex portions are not formed are contact portions which
are 1n contact with the mner fin, and the portions of the left
and right side walls which correspond to the bulging top
walls of the convex portions are noncontact portions which
are not 1n contact with the mner fin.
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2

The evaporator with a cool storage function disclosed 1n
the publication operates as follows. In an ordinary cooling

period 1 which a compressor 1s operating, the cool carried
by the refrigerant tflowing through the refrigerant flow tubes
1s transierred directly to the cool storage material within
cach cool storage material container from the bulging top
walls of the convex portions of the two side walls of the cool
storage material container, the bulging top walls being the
noncontact portions of the two side walls which are not in
contact with the inner fin and which are 1n contact with the
corresponding refrigerant flow tubes. Also, the cool carried
by the refrigerant 1s transierred from the contact portions of
the two side walls, which are 1n contact with the inner fin,
to the cool storage material in the cool storage material
container via the inner fin. Thus, the cool 1s stored 1n the cool
storage material. Meanwhile, when the compressor stops,
the cool stored 1n the cool storage material within each cool
storage material container is transierred directly to the two
side walls of the cool storage material container, or 1s
transmitted from the inner fin to the two side walls of the
cool storage material container through the contact portions
which are in contact with the inner fin. Subsequently, the
cool 1s transferred to the corresponding refrigerant tlow
tubes through the bulging top walls of the convex portions.
The cool 1s then transferred through the refrigerant tlow
tubes to the outer fins disposed 1n the air-passing clearances
adjacently located on the opposite sides of the air-passing
clearance 1 which the cool storage material container is
disposed. Subsequently, the cool 1s released from the outer
fins to air flowing through the air-passing clearances.

However, the evaporator with a cool storage function
disclosed in the publication has the following problem. In
the disclosed evaporator, the convex portions of one side
wall of each cool storage material container are 1dentical in
shape and size with the convex portions of the other side
wall of the cool storage material container, and are provided
at the same locations as those of the convex portions of the
other side wall as viewed from the lett side or the right side.
The portions of the left and rnight side walls of the cool
storage material container where the convex portions are not
formed are contact portions which are in contact with the
iner fin, and the bulging top walls of the convex portions
are noncontact portions which are not in contact with the
inner {in. Therefore, 1n an overlap region where the left and
right side walls of each cool storage material container
overlap with the corresponding refrigerant flow tubes as
viewed from the left side or right side of the cool storage
material container, the total area of the contact portions of
cach of the left and right side walls of each cool storage
material container which are 1n contact with the mner fin 1s
smaller than the total area of the noncontact portions thereof
which are not in contact with the inner fin. Accordingly, in
both the period during which cool 1s stored and the period
during which cool 1s released, the efliciency of heat transfer
between the left and night side walls of each cool storage
material container and the cool storage material stored
therein, which transfer 1s performed through utilization of
the mner fin 1s not suthiciently high. Therefore, the conven-
tional evaporator 1s unsatisfactory in terms of cool storage
performance and cool release performance.

SUMMARY OF THE INVENTION

An object of the present invention 1s to solve the above-
mentioned problem and to provide an evaporator with a cool
storage function which has improved cool storage perfor-
mance and cool release performance.
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To fulfill the above object, the present immvention com-
prises the following modes.

1) An evaporator with a cool storage function 1n which a
plurality of vertically extending flat refrigerant tlow tubes
are disposed in parallel such that their width direction
comncides with an air-passing direction and they are spaced
from one another, air-passing clearances are formed such
that each air-passing clearance 1s provided between adjacent
refrigerant tlow tubes, a cool storage material container
filled with a cool storage material 1s disposed 1n at least one
of the air-passing clearances, and an inner fin 1s disposed 1n
the cool storage material container, wherein

cach of left and right side walls of the cool storage
material container has a contact portion which 1s i contact
with the mner fin and a noncontact portion which 1s not in
contact with the iner fin; and

in an overlap region where the left and right side walls of
the cool storage material container overlap with the corre-
sponding refrigerant flow tubes when the cool storage mate-
rial container 1s viewed from the left side or right side
thereol, the contact portion of each of the left and right side
walls of the cool storage material container has an area
greater than that of the noncontact portion of each of the left
and right side walls.

2) An evaporator with a cool storage function according
to par. 1), wherein

a plurality of the noncontact portions are provided such
that each of the left and right side walls of the cool storage
material container 1s studded with the noncontact portions;
and

at least some of the noncontact portions of one side wall
of the cool storage material container are shifted from the
corresponding noncontact portions of the other side wall of
the cool storage material container as viewed from the left
side or right side of the cool storage material container.

3) An evaporator with a cool storage function according
to par. 1), wherein

a plurality of outwardly bulging convex portions are
formed on each of the left and right side walls of the cool
storage material container such that each of the side walls 1s
studded with the convex portions, and bulging top walls of
the convex portions are in contact with the corresponding
refrigerant tlow tubes; and

as viewed from the left side or right side of the cool
storage material container, portions of each of the left and
right side walls of the cool storage material container where
the convex portions are not formed serve as the contact
portion which 1s 1n contact with the 1mner fin, and portions
of each of the left and rnight side walls which correspond to
the bulging top walls of the convex portions serve as the
noncontact portion which 1s not 1 contact with the inner fin.

4) An evaporator with a cool storage function according
to par. 3), wherein at least some of the convex portions of
one side wall of the cool storage material container are
shifted from the corresponding convex portions of the other
side wall of the cool storage material container as viewed
from the left side or right side of the cool storage material
container.

5) An evaporator with a cool storage function according
to par. 1), wherein

the left and right side walls of the cool storage material
container are joined to the corresponding refrigerant tlow
tubes;

through-holes are formed 1n portions of the left and rnight
side walls of the cool storage maternial container which
portions are joined to the corresponding refrigerant flow
tubes; and
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4

as viewed from the left side or right side of the cool
storage material container, portions of each of the left and
right side walls of the cool storage material container where
the through-holes are not formed serve as the contact portion
which 1s in contact with the mner fin, and portions of each
of the left and night side walls of the cool storage material
container where the through-holes are formed serve as the
noncontact portion which 1s not 1n contact with the iner fin.

6) An evaporator with a cool storage function according
to par. 5), wherein at least some of the through-holes of one
side wall of the cool storage material container are shifted
from the corresponding through-holes of the other side wall
ol the cool storage maternal container as viewed from the left
side or right side of the cool storage material container.

7) An evaporator with a cool storage function according
to par. 1), wherein the mnner fin has an offset shape, and 1s
formed by a plurality of corrugated strips which are arranged
in the air-passing direction and integrally connected
together, each of the corrugated strips having crest portions
extending 1n the air-passing direction, trough portions
extending 1n the air-passing direction, and connection por-
tions connecting the crest portion and the trough portion;
and

the crest portions and the trough portions of one of two
strips adjacent to each other in the air-passing direction are
positionally shifted in the vertical direction from those of the
other strip.

8) An evaporator with a cool storage function according
to par. 1), wherein the inner fin has a corrugated shape, and
has crest portions extending 1n the air-passing direction,
trough portions extending in the air-passing direction, and
connection portions connecting the crest portion and the
trough portion.

9) An evaporator with a cool storage function according
to par. 1), wheremn outer fins are disposed in air-passing
clearances adjacent to the air-passing clearance in which the
cool storage material container 1s disposed.

According to the evaporator with a cool storage function
of any one of pars. 1) to 9), each of left and right side walls
of the cool storage material container has a contact portion
which 1s 1n contact with the inner fin and a noncontact
portion which 1s not 1n contact with the inner fin; and 1n an
overlap region where the lett and right side walls of the cool
storage material container overlap with the corresponding
refrigerant tlow tubes when the cool storage material con-
tainer 1s viewed from the left side or right side thereot, the
area ol the contact portion of each of the left and right side
walls of the cool storage material container 1s greater than
the area of the noncontact portion of each of the left and right
side walls. Therefore, as compared with the evaporator with
a cool storage function disclosed in the above-mentioned
publication, the performance of heat transier between the
left and right side walls of the cool storage material con-
tainer and the cool storage material via the inner fin becomes
excellent 1n both the period during which cool 1s stored and
the period during which cool 1s released. Accordingly, the
cool storage performance and the cool release performance
can be improved as compared with the evaporator with a
cool storage function disclosed in the above-mentioned
publication.

According to the evaporator with a cool storage function
of any one of pars. 3) to 6), the following advantageous
ellect 1s achieved. Through use of a relatively simple struc-
ture, 1t becomes possible to enable each of left and right side
walls of the cool storage material container to have a contact
portion which 1s 1n contact with the mnner fin and a noncon-
tact portion which 1s not in contact with the nner fin. Also,
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in an overlap region where the left and right side walls of the
cool storage material container overlap with the correspond-
ing refrigerant flow tubes when the cool storage material
container 1s viewed from the left side or right side thereot,
the area of the contact portion of each of the left and right
side walls of the cool storage material container, which
portion 1s in contact with the mner fin, can be made greater
than the area of the noncontact portion of each of the left and
right side walls, which portion 1s not in contact with the
inner fin.

According to the evaporator with a cool storage function
of any one of pars. 3) and 4), the following advantageous
ellect 1s achieved. Even 1n the air-passing clearance in which
the cool storage material container 1s disposed, due to
presence ol the convex portions, clearances are formed
between the refrigerant flow tubes and the cool storage
material container, and air flows through the clearances.
Accordingly, an increase 1n air passage resistance can be
suppressed. Also, the presence of the convex portions
enables condensed water produced on the outer side surfaces
of the refrigerant tlow tubes to be drained through the
clearances formed between the refrigerant flow tubes and the
cool storage material container due to the presence of the
convex portions.

According to the evaporator with a cool storage function
of any one of pars. 5) and 6), the following advantageous
cllect 1s achieved. In the case where the refrigerant tflow
tubes and the cool storage material container are brazed
together, the brazing areca therebetween becomes smaller
than that in the case where through-holes are not formed.
Accordingly, the clearance—which 1s produced between one
side of the corresponding refrigerant tlow tube and the outer
surface of the cool storage material container because the
brazing between the two members 1s not performed com-
pletely over the entire surface—becomes smaller than that in

the case where through-holes are not formed, and the
amount of condensed water which enters the clearance also
decreases. As a result, 1t 1s possible to prevent a large amount
of condensed water from stagnating 1n the spaces between
the refrigerant flow tubes and the cool storage material
container and to prevent the condensed water from freezing.
Thus, separation of the entire cool storage material container
from the refrigerant flow tubes can be prevented for a long
period of time. Moreover, at the portions of each side wall
of the cool storage material container where the through-
hole are formed, the cool storage material within the cool
storage material container 1s cooled, only through the walls
of the refrigerant tlow tubes, by the refrigerant tlowing
through the refrigerant flow tubes. Therefore, the efliciency
ol the operation of cooling the cool storage material within
the cool storage material container can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially cut-away perspective view showing,
the overall structure of an evaporator with a cool storage
function according to the present invention;

FIG. 2 1s an enlarged sectional view taken along line A-A
of FIG. 1;

FIG. 3 1s a sectional view taken along line B-B of FI1G. 2;

FIG. 4 1s a right side view of a cool storage material
container of the evaporator with a cool storage function of
FIG. 1.

FIG. 5 1s an exploded perspective view of the cool storage
material container of the evaporator with a cool storage

function of FIG. 1;
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6

FIG. 6 1s a view corresponding to FIG. 4 and showing a
first modification of the cool storage material container;

FIG. 7 1s a view corresponding to FIG. 2 and showing a
second modification of the cool storage material container;

FIG. 8 1s a view corresponding to FIG. 3 and showing the
cool storage material container of FIG. 7;

FIG. 9 1s a view corresponding to FIG. 4 and showing the
cool storage material container of FIG. 7; and

FIG. 10 1s a perspective view showing a modification of
the 1nner fin.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment of the present mvention will next be
described with reference to the drawings.

In the following description, the downstream side with
respect to an air-passing direction (a direction represented
by arrow X 1n FIGS. 1, 2, 4, 6, 7, and 9) will be referred to

as the “front,” and the opposite side as the “rear.”

Furthermore, the term “aluminum” as used 1n the follow-
ing description encompasses aluminum alloys 1n addition to
pure aluminum.

FIG. 1 shows the overall configuration of an evaporator
with a cool storage function according to the present inven-
tion, and FIGS. 2 to 5 show the configuration of an essential
portion of the evaporator.

As shown 1 FIG. 1, an evaporator with a cool storage
function 1 includes a first header tank 2 and a second header
tank 3 formed of aluminum and disposed apart from each
other in the vertical direction such that they extend in the
left-right direction; and a heat exchange core section 4
provided between the two header tanks 2 and 3.

The first header tank 2 includes a leeward upper header
section 5 located on the front side (downstream side with
respect to the air-passing direction); and a windward upper
header section 6 located on the rear side (upstream side with
respect to the air-passing direction) and united with the
leeward upper header section 5. A reirigerant inlet 7 1is
provided at the right end of the leeward upper header section
5, and a refrigerant outlet 8 1s provided at the right end of the
windward upper header section 6. The second header tank 3
includes a leeward lower header section 9 located on the
front side, and a windward lower header section 11 located
on the rear side and united with the leeward lower header
section 9. The respective interiors of the leeward lower
header section 9 and the windward lower header section 11
of the second header tank 3 are connected together via an
unillustrated proper means.

As shown 1n FIGS. 1 and 2, in the heat exchange core
section 4, a plurality of flat refrigerant flow tubes 12 which
extend 1n the wvertical direction, whose width direction
coincides with the air-passing direction (the front-rear direc-
tion), and which are formed of aluminum extrudate are
disposed 1n parallel such that they are spaced from one
another in the left-right direction. In the present embodi-
ment, a plurality of pairs 13 each composed of two refrig-
crant flow tubes 12 spaced from each other in the front-rear
direction are disposed at predetermined intervals in the
left-right direction. An air-passing clearance 14 1s formed
between adjacent two of the pairs 13 each composed of the
front and rear refrigerant flow tubes 12. An upper end
portion of each front refrigerant flow tube 12 1s connected to
the leeward upper header section 5, and a lower end portion
of each front refrigerant flow tube 12 1s connected to the
leeward lower header section 9. Similarly, an upper end
portion of each rear refrigerant tlow tube 12 1s connected to
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the windward upper header section 6, and a lower end
portion of each rear refrigerant flow tube 12 1s connected to
the windward lower header section 11.

A cool storage material container 15 which 1s formed of
aluminum and which 1s filled with a cool storage material
(not shown) 1s disposed 1n each of air-passing clearances 14
selected from all the air-passing clearances 14 of the heat
exchange core section 4, the selected passing clearances 14
being not adjacent from one another, such that the cool
storage material container 15 extends over the front and rear
reirigerant tlow tubes 12. Also, a corrugated outer fin
16—which 1s formed from an aluminum brazing sheet
having a brazing material layer on each of opposite surfaces
thereot and which has crest portions extending in the front-
rear direction, trough portions extending in the front-rear
direction, and connection portions connecting the crest
portions and the trough portions—is disposed in each of the
remaining air-passing clearances 14 such that the corrugated
outer fin 16 extends over the front and rear refrigerant flow
tubes 12, and 1s brazed to the front and rear refrigerant flow
tubes 12 of the left-side and right-side pairs 13 which define
the air-passing clearance 14. That 1s, the outer fin 16 1s
disposed 1n each of the air-passing clearances 14 located on
both sides of the air-passing clearance 14 in which the cool
storage material container 15 1s disposed. Also, the outer fin
16, which 1s formed from an aluminum brazing sheet having
a brazing material layer on each of opposite surfaces thereof,
1s disposed on the outer side of the pair 13 of the refrigerant
flow tubes 12 located at the left end, and 1s disposed on the
outer side of the pair 13 of the refrigerant flow tubes 12
located at the right end. These outer fins 16 are brazed to the
corresponding front and rear refrigerant flow tubes 12.
Furthermore, a side plate 17 formed of aluminum is disposed
on the outer side of each of the outer fins 16 located at the
left and right ends, respectively, and 1s brazed to the corre-
sponding outer {in 16. The spaces between the outer fins 16
and the side plates 17 located at the left and right ends also
serve as air-passing clearances.

As shown 1n FIGS. 2 to 5, each cool storage material
container 135 1s a flat container whose longitudinal direction
coincides with the vertical direction and whose width direc-
tion coincides with the front-rear direction. A corrugated
inner fin 18 made of aluminum 1s disposed in the cool
storage material container 15. The inner fin 18 has crest
portions extending 1n the front-rear direction, trough por-
tions extending in the front-rear direction, and connection
portions connecting the crest portions and the trough por-
tions. The trough portions and crest portions of the inner fin
18 are brazed to the left and rnight side walls 15a of the
container body portion 15. For example, a paraflin-based
latent heat storage material having an adjusted freezing point
of about 5 to 10° C. 1s used as a cool storage material
charged into the cool storage material container 15. Specifi-
cally, pentadecane, tetradecane, or the like 1s used.

A plurality of convex portions 19 which bulge outward
are formed on each of the left and nght side walls 15a of
cach cool storage material container 15 such that each side
wall 1s studded with the convex portions 19. The flat bulging
top walls of the convex portions 19 are brazed to the
corresponding refrigerant flow tubes 12 in a state 1n which
the bulging top walls are 1n contact with the refrigerant flow
tubes 12. The inner fin 18 1s brazed to portions of the left and
right side walls 15a where the convex portions 19 are not
formed. Although the bulging top walls of the convex
portions 19 are in contact with the refrigerant tlow tubes 12,
they are not 1n contact with the imner fin 18. Accordingly,
cach of the left and right side walls 15a of each cool storage
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material container 15 has contact portions 21 which are in
contact with the mner fin 18 and noncontact portions 22
which are not in contact with the mnner fin 18. Namely, as
viewed from the left side or the right side, portions of the left
and right side walls 15a of each cool storage material
container 15 where the convex portions 19 are not formed
are the contact portions 21 which are in contact with the
iner fin 18, and portions of the left and right side walls 15a
which correspond to the bulging top walls of the convex
portions 19 are the noncontact portions 22 which are not in
contact with the mner fin 18. At least some of the convex
portions 19 of one side wall 15a¢ of each cool storage
material container 15 are shifted from the corresponding
convex portions 19 of the other side wall 154 thereof as
viewed from the lett side or the right side. Also, 1n an overlap
region where the left and right side walls 15a of each cool
storage material container 15 overlap with the corresponding
refrigerant flow tubes 12 when the cool storage material
container 15 1s viewed from the left side or right side thereot,
the total area of the contact portions 21 of each of the left and
right side walls 15a of each cool storage material container
15, which portions are 1n contact with the mner fin 18, 1s
greater than the total area of the noncontact portions 22
thereof which are not in contact with the mnner fin 18.

As viewed from the left side or the right side, the convex
portions 19 have the shape of a rectangle elongated in the
vertical direction. A plurality (5 1n the present embodiment)
of convex portion rows 19A each including a plurality of
convex portions 19 spaced from one another in the vertical
direction are provided such that the convex portion rows
19A are spaced from one another in the front-rear direction.
On each of the left and right side walls 15a, the convex
portions 19 1n one of two convex portion rows 19A adjacent
to each other in the front-rear direction are almost com-
pletely shifted in the vertical direction from the convex
portions 19 1n the other of the two convex portion rows 19A,
although upper and lower end portions of the convex por-
tions 19 1n the one convex portion row 19A positionally
overlap with upper and lower end portions of the convex
portions 19 1n the other convex portion row 19A. Also, the
convex portions 19 1n a convex portion row 19A on the left
side wall 154 located at a certain position with respect to the
front-rear direction are almost completely shifted in the
vertical direction from the convex portions 19 1n a convex
portion row 19A on the rnight side wall 15a located at the
same position as the certain position, although upper and
lower end portions of the convex portions 19 in the convex
portion row 19A on the left side wall 15a positionally
overlap with upper and lower end portions of the convex
portions 19 1n the convex portion row 19A on the right side
wall 15a. The convex portions 19 of two (front and rear)
convex portion rows 19A are brazed to the front refrigerant
flow tube 12, and the convex portions 19 of two (front and
rear) convex portion rows 19A are brazed to the rear
refrigerant flow tube 12. The vertical positions of the convex
portions 19 1n the front convex portion row 19A of the two
convex portion rows 19A on one side wall 154 of a single
cool storage material container 15, which rows are brazed to
a certain refrigerant flow tube 12, are the same as those of
the convex portions 19 1n the rear convex portion row 19A
of the two convex portion rows 19A on the other side wall
15a, which rows are brazed to a reifrigerant flow tube 12
located on the same side as the certain flow tube 12 with
respect to the front-rear direction. Similarly, the vertical
positions of the convex portions 19 i1n the rear convex
portion row 19A of the two convex portion rows 19A on the
one side wall 15a, which rows are brazed to the certain
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refrigerant flow tube 12, are the same as those of the convex
portions 19 in the front convex portion row 19A of the two
convex portion rows 19A on the other side wall 15a, which
rows are brazed to the refrigerant flow tube 12 located on the
same side as the certain tlow tube 12 with respect to the
front-rear direction. As a result, as viewed from the left side

or right side, some convex portions 19 on one side wall 15a
of each cool storage material container 15 are sifted from the
corresponding convex portions 19 on the other side wall 15a
of the cool storage material container 15.

Each cool storage material container 15 1s composed of
left and right side plates 23, each of which 1s formed,
through press work, from an aluminum brazing sheet having,
a brazing material layer on each of opposite sides thereof,
and whose front and rear side edge portions are brazed
together along the enter length, and upper and lower end
closing plates 24, each of which 1s formed, through press
work, from an aluminum brazing sheet having a brazing
material layer on each of opposite sides thereof, and which
are brazed to the upper and lower ends of the left and right
side plates 23. Outward bulging portions 23a, which extend
in the vertical direction and bulge outward with respect to
the left-right direction, are formed on portions of the left and
right side plates 23 excluding the front and rear side edge
portions brazed together. Thus, a cool-storage-material
charging space 25 1s formed between the left and right side
plates 23. The cool-storage-material charging space 25
extends in the vertical direction, and 1s opened at the upper
and lower ends thereof. The upper and lower end openings
of the cool-storage-material charging space 25 are closed by
the closing plates 24.

The above-described evaporator 1 with a cool storage
function constitutes a refrigeration cycle in combination
with a compressor driven by an engine of a vehicle, a
condenser (reifrigerant cooler) for cooling the reifrigerant
discharged from the compressor, and an expansion valve
(pressure-reducing unit) for reducing the pressure of the
refrigerant having passed through the condenser. The refrig-
eration cycle 1s installed, as a car air conditioner, 1n a
vehicle, such as an automobile, which temporarily stops the
engine, which serves as a drive source of the compressor,
when the vehicle 1s stopped. In the case of such a car air
conditioner, when the compressor 1s operating, low pressure,
two-phase refrigerant (a mixture of vapor refrigerant and
liquid refrigerant) having been compressed by the compres-
sor and having passed through the condenser and the expan-
sion valve passes through the refrigerant inlet 7, and enters
the leeward upper header section 5 of the evaporator 1. The
reirigerant then passes through all the front refrigerant flow
tubes 12, and flows out from the refrigerant outlet 8 of the
windward upper header section 6. When the reifrigerant
flows through the refrigerant flow tubes 12, the refrigerant
performs heat exchange with air passing through the air-
passing clearances 14, and flows out 1n a vapor phase.

At that time, the cool carried by the refrigerant flowing
through the refrigerant flow tubes 12 1s transferred directly
to the cool storage material within each cool storage material
container 15 from the bulging top walls of the convex
portions 19 of the two side walls 15a of the cool storage
material container 15, the bulging top walls being brazed to
the corresponding refrigerant flow tubes 12. Also, the cool
carried by the refrigerant 1s transferred from the bulging top
walls of the convex portions 19 to the cool storage material
within the cool storage material container 15 via the contact
portions 21 and the inner fin 18. Thus, cool 1s stored in the
cool storage material.
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When the compressor stops, the cool stored in the cool
storage maternal within each cool storage material container
15 1s transferred directly to the refrigerant flow tubes 12
from the bulging top walls of the convex portions 19 of the
two side walls 154 of the cool storage material container 15,
the bulging top walls being brazed to the refrigerant flow
tubes 12, and 1s also transfer to the refrigerant tlow tubes 12
via the mner {in 18, the contact portions 21, and the bulging
top walls of the convex portions 19. The cool then passes
through the refrigerant flow tubes 12 and propagates to the
outer fins 16 brazed to the refrigerant tlow tubes 12. Sub-
sequently, the cool 1s transierred via the outer fins 16 to air
passing through the air-passing clearances 14 adjacently
located on the opposite sides of the air-passing clearance 14
in which the cool storage material container 15 1s disposed.
Accordingly, even when the temperature ol air having
passed through the evaporator 1 increases, the air 1s cooled,
so that a sharp drop 1n the cooling capacity can be prevented.

FIGS. 6 to 9 show modifications of the cool storage
material container.

In the case of a cool storage material container 30 shown
in FIG. 6, a plurality of convex portions 31 which bulge
outward and which have flat bulging top walls are formed on
cach of the left and right side walls 30a of the cool storage
material container 30 such that the convex portions 31 are
spaced from one another in the vertical direction. The cool
storage material container 30 1s brazed to the corresponding
refrigerant flow tubes 12 1n a state 1n which the flat bulging
top walls of the convex portions 31 are in contact with the
refrigerant flow tubes 12. The mner fin 18 1s brazed to
portions of the left and right side walls 30a where the convex
portions 31 are not formed. Although the bulging top walls
of the convex portions 31 are 1n contact with the refrigerant
flow tubes 12, they are not 1n contact with the inner {in 18.
Accordingly, each of the left and right side walls 30q of each
cool storage material container 30 has contact portions 21
which are 1n contact with the inner fin 18 and noncontact
portions 22 which are not 1n contact with the nner fin 18.
Namely, as viewed from the left side or the right side,
portions of the left and right side walls 30a of each cool
storage material container 30 where the convex portions 31
are not formed are the contact portions 21 which are 1n
contact with the inner fin 18, and portions of the left and
right side walls 30a which correspond to the bulging top
walls of the convex portions 31 are the noncontact portions
22 which are not in contact with the mner fin 18. At least
some of the convex portions 31 of one side wall 30a of each
cool storage material container 30 are shifted from the
corresponding convex portions 31 of the other side wall 30q
thereol as viewed from the left side or the right side. Also,
in an overlap region where the left and right side walls 30q
of each cool storage material container 30 overlap with the
corresponding refrigerant tlow tubes 12 when the cool
storage maternal container 30 1s viewed from the left side or
right side thereoft, the total area of the contact portions 21 of
cach of the left and right side walls 30a of the cool storage
material container 30, which portions are in contact with the
inner fin 18, 1s greater than the total area of the noncontact
portions 22 thereof which are not in contact with the inner
fin 18.

As viewed from the left side or the right side, each of the
convex portions 31 has the shape of a rectangle elongated 1n
the front-rear direction, and 1ts front portion 1s brazed to the
corresponding front refrigerant tlow tube 12 and 1ts rear
portion 1s brazed to the corresponding rear refrigerant flow
tube 12. The convex portions 31 of the left side wall 30a of
the cool storage material container 30 are completely shifted
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from the convex portions 31 of the right side wall 30a
thereol 1n the vertical direction. As a result, as viewed from
the left side or the right side, some convex portions 31 of one
side wall 30a of the cool storage material container 30 are
shifted from the corresponding convex portions 31 of the
other side wall 30a thereof.

The remaining structure of the cool storage material
container 30 1s identical with that of the cool storage
material container 15 of the above-described embodiment.
In the case of a cool storage material container 40 shown
in FIGS. 7 to 9, front portions and rear portions of opposite
side walls 40a of the cool storage material container 40 are
brazed to front and rear refrigerant flow tubes 12, respec-
tively. A plurality of through-holes 41 are formed in portions
of the left and right side walls 40a of the cool storage
material container 40, which portions are brazed to the
corresponding refrigerant flow tubes 12, such that the por-
tions are studded with the through-holes 41. The 1nner fin 18
1s brazed to portions of the left and right side walls 40a
where the through-holes 41 are not formed. The portions of
the left and right side walls 40a where the through-holes 41
are not formed are 1n contact with both the refrigerant tlow
tubes 12 and the mnner fin 18. Also, the portions of the left
and right side walls 40a where the through-holes 41 are
formed are 1n contact with neither the refrigerant flow tubes
12 nor the iner fin 18. Accordingly, each of the left and right
side walls 40q of the cool storage material container 40 has
contact portions 21 which are 1n contact with the inner fin 18
and noncontact portions 22 which are not in contact with the
inner fin 18. Namely, as viewed from the left side or the right
side, the portions of the left and right side walls 40a of the
cool storage material container 40 where the through-holes
41 are not formed are the contact portions 21 which are 1n
contact with the inner fin 18, and the portions of the leit and
right side walls 40a which correspond to the through-holes
41 are the noncontact portions 22 which are not 1n contact
with the inner fin 18. At least some of the through-holes 41
of one side wall 40a of the cool storage material container
40 are shifted from the corresponding through-holes 41 of
the other side wall 40q thereof as viewed from the left side
or the nght side. Also, 1n an overlap region where the left and
right side walls 40q of the cool storage material container 40
overlap with the corresponding reifrigerant flow tubes 12
when the cool storage material container 40 1s viewed from
the left side or right side thereot, the total area of the contact
portions 21 of each of the left and right side walls 40q of the
cool storage material container 40, which portions are 1n
contact with the inner {in 18, 1s greater than the total area of
the noncontact portions 22 thereof which are not 1n contact
with the inner {in 18.

As viewed from the left side or the right side, each of the
through-holes 41 has the shape of a rectangle elongated in
the vertical direction. A plurality (4 in the present embodi-
ment) of hole rows 41A each including a plurality of
through-holes 41 spaced from one another in the vertical
direction are provided such that the hole rows 41A are
spaced from one another 1n the front-rear direction. On each
of the left and right side walls 40a, the through-holes 41 1n
one of two hole rows 41A adjacent to each other in the
front-rear direction are almost completely shifted in the
vertical direction from the through-holes 41 in the other of
the two hole rows 41A, although upper and lower end
portions of the through-holes 41 1n the one hole row 41A
positionally overlap with upper and lower end portions of
the through-holes 41 in the other hole row 41A. Also, the
through-holes 41 1n a hole row 41 A on the left side Wall 40a
located at a certain position with respect to the front-rear

10

15

20

25

30

35

40

45

50

55

60

65

12

direction are almost completely shifted 1n the vertical direc-
tion from the through-holes 41 1n a hole row 41 A on the right
side wall 40a located at the same position as the certain
position, although upper and lower end portions of the
through-holes 41 1n the hole row 41A on the left side wall
40a positionally overlap with upper and lower end portions
of the through-holes 41 1n the hole row 41 A on the right side
wall 40a. Portions of the left and right side walls 40a of the
cool storage material container 40 where the through-holes
41 of two (front and rear) hole rows 41A are formed are
brazed to the corresponding front refrigerant tflow tubes 12,
and portions of the left and right side walls 40a of the cool
storage material container 40 where the through-holes 41 of
two (front and rear) hole rows 41A are formed are brazed to
the corresponding rear refrigerant flow tubes 12. The vertical
positions of the through-holes 41 1n the front hole row 41 A
of the two hole rows 41A formed in the portion of one side
wall 40a of a single cool storage material container 40,
which portion 1s brazed to a certain refrigerant flow tube 12,
are the same as those of the through-holes 41 1n the rear hole
row 41A of the two hole rows 41 A formed in the portion of
the other side wall 40a, which portion 1s brazed to a
refrigerant flow tube 12 located on the same side as the
certain tlow tube 12 with respect to the front-rear direction.

Similarly, the vertical positions of the through-holes 41 1n
the rear hole row 41A of the two hole rows 41 A formed 1n
the portion of one side wall 40a of the cool storage material
container 40, which portion 1s brazed to the certain refrig-
crant flow tube 12, are the same as those of the through-holes
41 1n the front hole row 41A of the two hole rows 41A
formed 1n the portion of the other side wall 40a, which
portion 15 brazed to the refrigerant tlow tube 12 located on
the same side as the certain flow tube 12 with respect to the
front-rear direction. As a result, as viewed from the left side
or right side, some through-holes 41 of one side wall 40a of
the cool storage material container 40 are sifted from the
corresponding through-holes 41 of the other side wall 40a of
the cool storage material container 40.

The remaining structure of the cool storage material
container 40 1s 1dentical with that of the cool storage
material container 15 of the above-described embodiment.

FIG. 10 shows a modification of the mner fin.

An inner fin 50 shown in FIG. 10 i1s formed from
aluminum 1nto an oflset shape. The mner fin 50 1s composed
of a plurality of corrugated strips 51, each of which has crest
portions 51a extending 1n the front-rear direction (air-pass-
ing direction), trough portions 515 extending 1n the front-
rear direction, and connection portions 51¢ connecting the
crest portion 51a and the trough portion 315. The corrugated
strips 51 are arranged in the air-passing direction and
integrally connected with one another such that the crest
portions 51a and the trough portions 515 of one of two strips
51 adjacent to each other in the front-rear direction are
positionally shifted in the vertical direction from those of the
other of the two strips 51. The crest portions 51a and the
trough portions 515 of the strips 51 of the mner fin 50 are
brazed to the left and right side walls of the cool storage
material container.

What 1s claimed 1s:

1. An evaporator with a cool storage function, comprising;:

reirigerant tlow tubes disposed substantially in parallel

with each other mn an arranging direction and spaced
from one another with air-passing clearances therebe-
tween 1n the arranging direction, the refrigerant flow
tubes including a first refrigerant tlow tube and a
second refrigerant flow tube juxtaposed to the first
refrigerant flow tube 1n the arranging direction, the first
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refrigerant flow tube and the second refrigerant tlow

tube defining at least one of the air-passing clearances;

and

at least one cool storage material container containing a
cool storage material therein and disposed 1n the at least
one of the air-passing clearances, the at least one cool
storage material container comprising:

an 1nner fin provided 1n the at least one cool storage
material container;

a first side wall provided opposite to the first refrigerant
flow tube 1n the arranging direction and having first
convex portions which project toward the first refrig-
crant flow tube and whose outer surfaces contact the
first refrigerant flow tube, the inner fin being in
contact with a first inner surface of the first side wall
at first contact portions and being not 1n contact with
the first mner surface at first noncontact portions
including the first convex portions;

a second side wall provided opposite to the second
refrigerant tlow tube in the arranging direction and
having a second inner surface opposite to the first
inner surface of the first side wall 1n the arranging
direction, the second side wall having second convex
portions which project toward the second refrigerant
flow tube and whose outer surfaces contact the
second refrigerant flow tube, the mner fin being 1n
contact with the second inner surface of the second
side wall at second contact portions and being not 1n
contact with the second inner surface at second
noncontact portions including the second convex
portions; and

the first convex portions on the first side wall being
asymmetrical with the second convex portions on the
second side wall with respect to a plane at a center
between the first side wall and the second side wall
and perpendicular to the arranging direction such
that a first one of the first convex portions on the first
side wall partially overlaps a first one of the second
convex portions on the second side wall in the
arranging direction.

2. The evaporator with a cool storage function according

to claim 1, wherein

the plurality of noncontact portions are formed by a
plurality of outwardly bulging convex portions that are
formed on each of the left and rnght side walls of the
cool storage material container such that each of the
side walls 1s studded with the convex portions, and
bulging top walls of the convex portions are 1n contact
with the corresponding refrigerant tlow tubes; and

as viewed from the leit side or right side of the cool
storage material container, portions of each of the left
and right side walls of the cool storage material con-
taimner where the convex portions are not formed serve
as the contact portion which 1s in contact with the inner
fin, and portions of each of the left and right side walls
which correspond to the bulging top walls of the
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convex portions serve as the plurality of noncontact
portions which 1s not 1n contact with the mner fin.

3. The evaporator with a cool storage function according,
to claim 2, wherein at least some of the convex portions of
one side wall of the cool storage material container are
shifted from the corresponding convex portions of the other
side wall of the cool storage material container as viewed
from the left side or right side of the cool storage material
container.

4. The evaporator with a cool storage function according
to claim 1, wherein the inner fin has an oflset shape, and 1s
formed by a plurality of corrugated strips which are arranged
in the air-passing direction and integrally connected
together, each of the corrugated strips having crest portions
extending 1n the air-passing direction, trough portions
extending 1n the air-passing direction, and connection por-
tions connecting the crest portion and the trough portion;
and

the crest portions and the trough portions of one of two

strips adjacent to each other in the air-passing direction
are positionally shifted in the vertical direction from
those of the other strip.

5. The evaporator with a cool storage function according,
to claim 1, wherein the inner fin has a corrugated shape, and
has crest portions extending i1n the air-passing direction,
trough portions extending in the air-passing direction, and
connection portions connecting the crest portion and the
trough portion.

6. The evaporator with a cool storage function according
to claim 1, wherein outer fins are disposed 1n air-passing
clearances adjacent to the air-passing clearance 1n which the
cool storage material container 1s disposed.

7. The evaporator with a cool storage function according
to claim 1,

wherein the noncontact portions on the left side wall

overlap with the contact portions on the right side wall
when the cool storage material container 1s viewed
from the left side or right side thereof, and

wherein the noncontact portions on the right side wall

overlap with the contact portions on the left side wall
when the cool storage material container 1s viewed
from the left side or right side thereof.

8. The evaporator with a cool storage function according
to claim 1, wherein the first one of the first convex portions
extends beyond an upper edge of a corresponding first
contact portion and beyond a lower edge of the correspond-
ing {irst contact portion in a direction orthogonal to the
arranging direction.

9. The evaporator with a cool storage function according,
to claim 1, wherein a first row of the first convex portions
does not overlap a first row of the second convex portions,
the first row of the first convex portions and the first row of
the second convex portions being disposed at a same height
of the first side wall and the second side wall.
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